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Mars Pathfinder, launching In LMmember 1998 and Iandlng on Mars cm July 4, 1997, will
demonstrate a low-cost delivery system to the surface of Mars for follow-on landers. Historically,
spacecraft that orbit or land on a distant body oarry a large amount of fuel for braking at the planet.
Pathfinder requires fuel only to navigate to Mars; the spacecraft wobrakes Into the MN6
atmosphere, deploys a paraohute at 10 km above  the surface and, within 100 m of the surlace,  fires
solid rookets for final braking prim to deployment of ahbag$ that oushion touchdown. After Iandlngt
petals open to upright the lander.

The major objective of Pathfinder-am+dsltion and return of engineering data cm entry, desoent,
and landing (EDL)  and lander performance-will be completed within the first few hours after
landing, In addition, the lander wili transmit panoramic image8 of the Mafilan surfaoe the first day.
Next, a miororover  wili be depioyed,  as early as the first day, to pafform mobility te8t8: image it8
5UWOUnding8,  inoiuding the lander; and piaoe its Aipha Proton X-Ray Spectrometer (APXS) against
a rook to make elemenlai composition measurement.

Whiie Pathfinder is an engineering demonstration, it accomplishes a foousod,  exciting set of
soience and technology investigation with a stereo, multi-coior  iander  imageq  atmospheric
instrumentation, used as a weather station after ianding: the APXS; and the microrover  inciuding its
aft and forward cameras.

The Pathfinder fiighl system is a blend of avaliable and new technology, and each appiioation is
carefuliy weighed as to its contribution to performance, ri8k and oost, Pathfinder i8 being developed
in a speoiai “cheaper, better, fasteF  projeot operating mode, accomplishing a challenging mission at
iow cost and fixed prioe, using a “Keily Johnson”-like skunkworke  approach, focusing on a iimited
set of objectives, and streamlining pro]eot approaches and minlmizin~ bureaucratic interference,
NASA’S Oflioe of Spaoe Soienoe is developing Pathfinder, The Advan~ed Concepts  and Technology
Office teamed with the Space Scienoe  office to deveiop the Pathfinder rover, Pathfinder is being
performed at the Jet Pmpuision  Laboratory (JPL) in its in-house, subsystem mode,

An Impotiant feature of Pathfinder’e  approach Is ooiioeation of key team members on the same
fioor of or’m buiiding around e test bed. Coiiooation simplifies iines of communication and facilitates
rapid iteration of requirements, and resolution of teams and problems,  lbam membere  from the JPL
tachnicai division8  remain administratively tied to their hom~ divi8ionsl  in what is oaiied the “soft
projectized mode”, but are responsible to the projeot rather than to the divisions for performance,
oost and soheduie  of their work paokagee,  The Projeot is eeif-contained,  inciudin~  coiiooated
product assuranoe and proourernent team8,

Pathfinder uses the following available equipment or designs:
● Cassini transponder
● Magelian star tmanner
. Adooie Corporation sun sensors
● Viking heritage aerosheii and paraohute designs
. DOD-deveioped rooket assi8ted deceleration (RAD) rockets and aitimeter

Aii fli~ht equipment i8 being 8UbJeCt0d to rigorous inheritarwe  review and to space qualification
testing tailored to the Pathfinder mission regardless of previous te8ting history

initiai tests of the retrorocket system were compieted suooessfuliy in Maroh 1995 at the China
Lake Naval Testing StatIon in California. These tests showed that tha retrorocket system was
conceptually 8ound and couid provide the required performance on Mars. This testing is
required to ensure that Pathfinder i8 ready for launch.



Testing Is cdtiwd to the success of Pathfinder, Assembly, lbst and Launch Operations (ATLO)
began on June 1 of this year to assemble the spacecraft quickly and maximize the amount of te8t
time before Iaunoht The ATLO pha8e will teke about 18 month6, more Ihan twloe the primary
mission duration (7 months of cruise time pi us 1 month of surface operations), The flight system
will acquire up to 2000 hours of testing, effeotlvely bbumlng In’( the electronlos before the launch,

In the spring of 1996, system4evei  environmental tests  will be performed, inoluding
thermai/vaouum,  acoustic, and static load tests, The rover will be Included In all flight sy8tem
le8t8 and WM a180 be subjeoted to surface operations tests in a simulated Mars environment at
JPL.

There are also plans for an extensive series of entfy, desoent, and landing test8. Pioneer
Aerospaoe Corporation successfully tested the low-attitude paraohute. At the NASA Lewis
Reseamh  Center’s Plum Brook vacuum chamber In Ohio, ILC Dover Company tested the aihag
drop in a dmuiated  Mars atmosphere, And JPL will conduot flntd tests of the retrorocket system,
as weli as akhg retractkm and iander uprighting.

Pathflndet% key new technology uses include:
A tree-ranging miororover with on= board autonomous navigation
A eoiid-etate  X-band power amplifier
A radiation-hardened Lorai FtS6000, 32-bU flight computer
Aitiags adapted for u8e in Mars atmosphere
Lender. imtme  data oomrmwsiort

The mlcrorover,  X%and power ‘ampiifier and EDL (in particular th~ airbags) represent the major
Pathfinder developments, and significant work was acoornplished on eraoh af these in the pre-
Project phase inciuding  proof.of-conoept airbag teets at Sandia Nationai  Laboratory, microrover
mobiiity tests and breadboard power amplifier development at JPLi

The EDL system ie oomprised of subsystems with hdtage requiring iittie or no development (the
airbags being the exoeptlon),  and the chaiienge iies with incorporating these into,an effeot’we,
space-qualified 8y8tem.  While EDL system demonstration and quallficration testing are of major
importance, they are not on the critical palh relative to ATLO and can be aooompiished  iargely
independently, in paraiiel with AnO. ATLO oritioai path items inciude the iander smmture, hamese,
power subsystem, Attitude and information Management (AiM) subsystem which embodle8 the
centrai computer, and attitude control and command and data handling funotionailty.

Techniaai Mi8sion Do$critiiorl

The Pathfinder flight ey8tem,  with an approximate iaunch massof819 kg (1S02 ibs) Wi[i be
iaunahed to Mars in the period December 2 to Deoernber 25, 1996 from a McDonneii Dougias Deita
II rocket, ianding on July 4, 1997, The fli~ht  system is spin stabilized during oruise, epinning  at 2
rpm, with the spin axis and medium-gain antenna pointed to Earth except for the first 20 days after
ieurmh, when the 8pin axis is pointed oio8er to the 8un iinet After the flrwt 20 day8, the 8un iine
remaine  within  40 degreee of Earth, and the earth point attitude is maintained unt!i Mars atmosphere
entry, including oruise trajectory maneuvers which are performed in either the veotor mode thrusting
along or perpendicular to the 8pln axis, or the “turn and bum” mode, Ali cruise oritioal events are
telemetered in real time to Earth

Twenty four hours before Man arrival, the flight system wii! turn approximately 7 degrees to its
entry attitude and, keeping in touoh with Earth, wili Jettison its cruise st8ge (reduoing it8 entry ma8s
to 537 kg) and enter direotiy into the Mars atmosphere, braking with an aero8heli  (140 kg) ,
pamchute (17 kg), smaii solid retrorockets (34 kg) and airbags (77 kg),

The entv veiooity is 7.8 ktie (17,1 00 mph) compared with Viking at 4,6 km/s which entered from
orbit, Mars Pathfinder entry angie is 16,7 degrees (90 degrees wouid be straigh  down) and peak
atmospheric shook, 25 g’s, is encountered at 32 ion above the surface. The parachute is depioyed
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by mortw at Mach 1,8 (900 mph) at 10 km, 100 woonds after atmospheric entry. Amee Ftesearoh
Center In Moffett  Field, California, has are-jet tested the Vlklng SLA 561 abiative  materiai used cm
the aerosheii, to insure it can withstand the extra heat pulse due to the larger entry veloclty,

The NASALangley Research Canter In Hampton, Virginia, aooompii8hed the aerodynamic
analysis for entry and desoenl and supported design of the parachute+ a Viking-derivative diak-gap-
band design  with a 12.7 m diameter, Its canopy is COnst~Gt6d of potyester (Daoron) and it hae
Keviar suspension iinest Eariy proof-of<oncept  tests were rmoomplished  at the Sandia Naticmai
Laboratory in the spring of 1992, and foiiow-up  tests were oonduoted in the summer of 1994,
$andia aieo oonsuited  on the parachuta  design.

Ei3L engineering telemetry wiii be transmitted to Earth in real time to the extent possibie, Before
chute depiOyM6nt, Earth remains near the spin axis bohirtd the craft, and oommurdodlon  to Earth Is
through a iov+galn antenna at 40 bits per seoond, After chute deployment, the Earth moves to
approximately 90 degrees from the spin axis including chute swing, making communications more
dlfficuh, EDL, lading for 5 minutes, wiil be supported with the NASA Deep Space h/etwOk’870 m
antenna,

As the iander descends into the Martian atmosphem,  it wili depioy from the baoksheii onto a 20
m bridie, oormtructed  of woven Keviar, As it approache8 the surfaoe the RAD r~kets fire at a thrust
of 7938 n for 2,2s h? order to slow the vehicia even further, the bridie is cut, the airbags inflate to
1,65 psi and the lander drops the final 30 m to the surface. C)nca on the surfaoe, the airbags
deinflate in about 1.5s and retrmt under the iender over a period of 1.5 hours. 7’he vehicie wiii then
right itself by depioyinp petais that expose solar pane18 to the Gun for powering surface operations,

The ianding site itself is iocated just beyond the mouth of Ares Vaiii8 (1 9,5° N, 32.8” W) in
southern Chryse Planitla, or about 1000 km from the Viking 1 ianding site, it was seiected to
maximize the ohanoes of having a wide divemity  of rook type8 w’tiin Vi6W of the iander camera and
accessible to the microrover. Flood channels suoh as Ares Vaiiis transported sand to iarge bouide~
size debris eroded from the bedrock aii the way from the channel 80W08 to its mouth, This site oan
be con81dered  a “grab bag” site, in which the lander can qhat’acterize a wide vwiety of the rocks that
make up the martian crust, which are essentiality unknown at present,  Ftocke cwried by the Ares
Vaiils floods inciude ancient hi~hiands crust and intermediatkage  volcanic rocks, which wiii heip us
understand the differentiation of the planet (into crust, mantie, and core). Most importantly for the
iander, iess than 1 YO 01 the rocks are estimated to be greater than 1 m in diameter, At landing, the
semm  at this northerly iatitude on Mars wili be late summer’,

After landing, the iander wiil transmit stored EDL data and real=time  lander and microrover
engineering telemety first. Panoramic images of the surface wiii aiso be transmitted to Earth the first
day. The microrover  wiil be deployed as earfy as the first day, for start of its surface operations. The
mlcrorover conduots Burface mobiiity experiments, Images rwdw and soil, and depioys the APX8 on
soii and against rocks. Whiie 30 SOI (1 SOi = 1 Mwlian day = 24,6 hours) and 7 soi primary sutice
miss!ona are planned for the lander and microrover,  respeotiveiy,  chse to 100?4 of aii iander and
micmtover  engineering and aclenoe objectives are aohioved nominally In the flrat few sois of
surface operations. No constraint preciudes operations of the lander or the microrover  pa8t their
primary mission requirements
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6URFACE  OPERATIONS 8EQUEttCE

Event

Land
Airbag retraction
let Eati rise, 20° mask
Pelal Opening (possible carrier Ilnlc)
Establish oomm with Earth, elev-W, L(3A at 40 M
Ist Sunrise, 20° meek
Complete downlink  EDL telemetry
Establish Id oornm on High Gain Antenna (HGA), d&tW
rato=1260  tds
Complete  downlink  panorama portion for rover deploy
Establi8h aoourate  oomm on HGA, data rata-5530 W
Compiete downlink Imeger for Mars Pathfinder (IMP)
pre-depioy  panorama
Depioy  Rover
Rover lmaga of lander
Rover image  of aoii
APXS on soil
Compiete downiink  rover image of Boii
1 d Earth @@t,  20° ma$k
W Sunset, 20° mask
Rovor  Image of rook
Compiete  downiink  rover image  of rook
Complete downllnk IMP post-deploy p!annlng
panorama
Complete downllnk  rover image of lander
Complete downiink APXS  soil data
APXS on rook
Compiete  downlink APX6 rock data
Complete rover twhnology experiments (flnlsh rock
APX8)
Gomplete lander prlrnary mlsslon objective (end of 801
4 downilnk)
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The Pathfinder scientific payload includes lr&trumentatlon  for measuring atmospheric and
landing deoelercition; pressure and temperature during entty and while on the surfaoe; a 12 speotrai
chatnnei,  otereo lander oamera for surface and atmoepherio  imaging, inoiuding  imaging magnetic
properties targets, a wind sock mast and support of mlcrorover navigation; and the miororover-
deployed APXS for eiementai composition memmrernenta  of rocdw and soii, The microrover  carries
aft and forward oameras for demonstrating autortomous hazard twoldarwe and imaging Its ioca[
surroundings, soii and rooks, and the iander.

Fteferenoe herein to any specdfic eommeruiai product, proce8s,  or sarvice by trade n~e,
trademark, manufacturer, or otherwiee, does not cormtttute or Imply its endorsement by the United
States Government or the Jet Propulsion Laboratory, California institute of %chnoiogy,

The f08~mh desoribed In this pubiioation wa8 carried out by the Jet Propulsion Laboratory,
California Institute of Technology, under a oontraot with the National Aeronautics and Spaoe
Administration.


